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AIR INTAKE COVER missile . This reduces the risk of launch failure because of the 
reduction in the number of actuation mechanisms required 

FIELD OF THE INVENTION for launch of the missile . 
The transformation from the first state to the second state 

This invention relates to an air intake cover , and particu- 5 may result from launch of the missile by an ejection release 
larly to an air intake cover for the intake of a missile unit . Embodiments of the invention are particularly suited to 
air - breathing engine . launchers having ejection release units , which typically push 

the missile downwards relative to the aircraft with a sub 
BACKGROUND ART stantial force . The force generated by the ejection release 

unit can be used to push the missile out of the cover . Missiles for launch from aircraft typically spend some The cover may be configured to be attachable to the time in storage and transit prior to being loaded onto an launcher such that , on launch of the missile , the cover aircraft - mounted launcher , following which they will spend detaches from the missile and remains attached to the some time in air carriage on the aircraft prior to a possible launch . Subsequent to launch , the missile is propelled by its 15 launcher . Where the cover remains attached to the aircraft 
own engine , which may for example be either a rocket - type following launch of the missile , the risk of collision of an 
engine , or an air breathing engine . In the latter case , the ejected cover with either the aircraft or the missile is 
missile will be provided with one or more air intakes . It is mitigated . Moreover this is achieved without the need for 
known to provide air intake covers to prevent ingress of complex aerodynamic simulation work . 
environmental debris prior to launch of the missile , so as to 20 The cover may be further configured such that , when in 
ensure that the engine is able to operate properly upon place on the missile , the closure is biased against the inlet . 
launch . This helps to ensure that the intake remains closed , and also 

Prior known air intake covers are ejected from the missile creates a mechanical attachment of the cover to the missile , 
after it is launched from the aircraft , depending on a specific since the cover will grip the missile . The cover may further 
and independent actuation mechanism for removal of the 25 comprise a sealing ring arranged such that , when the cover 
cover . For example , the cover may be ejected from the air is in place on the missile , the sealing ring is located around 
intake at some point shortly after launch of the missile . the intake so as to seal the intake from the external envi 
Typically ejection of the cover is achieved through use of an ronment . The provision of a seal ensures that moisture 
actuator located either within the missile , operating to push cannot enter into the air intake . 
the cover out , or on the cover itself . After actuation , the 30 The cover may be deformable from the first configuration 
airflow past the missile in flight will act to propel the cover to the second configuration . For example , where an ejection 
away from the missile . Such mechanisms carry inherent release unit is used to launch the missile , the force generated 
risks , such as the risk of collision of the ejected cover with by the ejection release unit pushes the missile away from the 
either the launching aircraft or the missile , or icing around launcher and also acts to deform the cover so that the missile 
the cover preventing its ejection . The risk of collision with 35 is released from it . The cover can be made sufficiently 
the missile itself can be mitigated by aerodynamic modelling compliant so as to deform during ejection in order to release 
of the ejection process and suitable adaptation of the cover , the missile , without hindering that ejection . 
but this can be a complex and costly process . The cover may be fabricated from a resilient material . It 

In addition to these risks , the potential failure of the cover will be appreciated that the deformation of the material on 
ejection mechanism , for example because of failure of the 40 ejection may be either elastic or plastic depending on the 
actuation mechanism itself , must be considered . Failure of material selected for fabrication of the cover . 
the cover to eject properly may result in the missile engine The cover may be fabricated from a plastics material . 
failing to operate , and hence the failure of the missile's Plastics materials are resistant to corrosion , and can be 
intended operation . Because of the nature of missile use , it moulded to the appropriate form . The cover may be fabri 
is likely that they may be stored for up to twenty or twenty 45 cated form a glass - filled polyphenylene sulphide , for 
five years prior to an actual launch , enhancing the risks of example a 40 % glass - filled polyphenylene sulphide . These 
actuator failure as a result of corrosion or wear resulting materials are resistant to creep , which may occur in condi 
from movement or vibration in storage . Maintenance is tions where the cover is to be stored in a slightly deformed 
therefore necessary in order to ensure that actuators function shape on a missile for some time . Creep during storage may 
as intended on launch . 50 reduce the effectiveness of the seal through a reduction in the 

compressive force acting on the sealing ring . 
SUMMARY OF THE INVENTION The cover may be attachable to the launcher via a com 

pliant fastening arranged to accommodate movement of the 
In general terms , the present invention resides in the missile relative to the launcher during air carriage . This 

realisation that the launch mechanism itself can be used to 55 mitigates against the fastening between the cover and the 
remove the cover from the air intake . Accordingly a first launcher becoming a load path for restraint of the missile to 
aspect of the invention provides a cover for an intake of an the launcher , and hence reduces the possibility of vibration 
air - breathing engine in a missile , which missile can be or bending movements of the missile in transit loosening the 
carried by an aircraft - mounted launcher ; wherein the cover cover on the missile . 
is transformable from a first configuration , in which it fits on 60 The fastening may be a quick - release fastener . These are 
the missile to cover the intake , to a second configuration , in simple and quick to operate , so that the attachment of the 
which the cover is detachable from the missile ; and wherein cover to the aircraft mounted launcher is not a time - con 
transformation from the first configuration to the second suming task . 
configuration results from launch of the missile . In this The cover may comprise inwardly protruding elements 
arrangement , the launch mechanism itself results in the 65 shaped to fit into corresponding rebates in the missile body 
removal of cover from the air intake . No additional actuation tube and configured so as not to impede launch of the 
mechanism is required to separate the cover from the missile . Such elements assist in locating the cover on the 
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correct part of the missile so that the cover is properly components of the cover 100 in exploded form , and FIG . 3 
attached to the missile and so that the air intakes are shows the cover in cross section in place on a missile 10 . 
effectively closed . Like reference numerals are used to refer to like parts in 

The cover may be configured to withstand aerodynamic these Figures . In its closed configuration as shown in FIG . 
loading during flight and whilst attached to the launcher , 5 1 , the cover 100 fits over the air intakes so as to seal them 
both before and after launch of the missile . The cover may against any debris entering into the intakes . In general terms , 
be fabricated from a material sufficiently strong and stiff to cover 100 functions in a similar way to a “ c - clip ' , having ( as 
withstand aerodynamic loading . The cover may be suffi- is shown more clearly in FIG . 3 ) a c - shaped cross - section , 
ciently thick to withstand the aerodynamic loading . and being deformable such that the open part of the ' c ' can 
The cover may be generally cylindrical in shape , having 10 expand , under an appropriately directed force , to widen the 

a central portion from which two sides extend downwards . opening , transforming the cover into an open configuration 
In a first , closed configuration , the two sides may extend so as to enable the missile 10 to be pushed out of the cover 
around the missile body tube and may be biased or pushed 100. Removal of the cover 100 from the air intakes is 
against the missile body tube so as to close the air intakes of accomplished as an integral part of the launch of the missile 
the missile . The cover may be configured to be attachable to 15 10. By way of example , cover 100 can be used in combi 
an aircraft so that , when the missile is launched , the force nation with a launcher having an ejection release unit . 
applied to the missile is sufficient to transform the cover to In air carriage , as shown in FIG . 4a , the missile 10 may 
a second , open configuration , so as to allow the missile to be held in place by retractable hooks 410 ( see detail in FIG . 
escape the cover , thereby opening the air intakes of the 4b ) on ejection release unit 400 that cooperate with bale lugs 
missile . The cover may be attachable to an aircraft at its 20 12 on the missile ( see FIGS . 45 and 4c ) . The bale lugs are 
central portion . The two sides of the cover may extend positioned with the air intake between them so that operation 
around the missile body tube to a distance below the centre of the ejection release unit 400 does not create a pitching 
line of the missile body tube . The cover may be deformable moment due to the resilience of the cover 100. On launch , 
and resilient . The cover may be configured such that , when the hooks 410 retract , and two pistons , comprised within the 
the missile is launched , the cover deforms from the first , 25 ejection release unit at 420 , 430 , operate to push the missile 
closed configuration , to the second , open configuration . 10 away from the aircraft ( in the minus z direction , using the 

The invention extends to a missile having an air - breathing coordinate system as illustrated in FIG . 1 ) . Typically the 
engine and comprising a cover as described above covering force applied by the pistons 420 , 430 will be of order 25 kN , 
the intakes for the air - breathing engine . since it is necessary to ensure that the missile is removed 

30 rapidly from the boundary airspace around the launching 
BRIEF DESCRIPTION OF THE DRAWINGS aircraft . In alternative embodiments , it will be possible to 

compensate for any pitching moment where the air intake is 
Embodiments of the invention will now be described by not between the bale lugs by tuning of the force applied by 

way of example only and with reference to the accompany- the pistons 420 , 430 of the ejection release unit . 
ing drawings , of which : As illustrated in FIG . 1 , cover 100 fits around a portion of 

FIG . 1 is a schematic diagram of an air intake cover in a missile body tube 10. The portion of the body tube 10 
position on a missile body tube ; comprises two air intakes , in the present example symmetri 

FIG . 2 is an exploded schematic diagram showing the cally disposed on either side of the missile body tube . Cover 
component parts of the air intake cover of FIG . 1 in further 100 is cylindrical in shape , but having a part of one side cut 
detail ; 40 away so as to have a ' c ' shaped cross - section , as described 
FIG . 3 is a cross - sectional schematic diagram of the air above . As shown , the cover 100 has an upper central portion 

intake cover of FIG . 1 ; 110 from which sides 120 , 130 extend downwards and 
FIG . 4a is a schematic diagram showing the air intake around the missile body tube 10 to a distance below the 

cover of FIG . 1 on a missile attached to a launcher on an centre line of the missile body tube . Sides 120 , 130 are 
aircraft ; 45 positioned on the missile so as to close the air intakes of the 
FIGS . 4b and 4c illustrate component parts of the missile missile . Closure of the air intakes mitigates the risk of 

and launcher of FIG . 4a in further detail ; and ingress of environmental debris into the air intakes . 
FIGS . 5a and 5b are schematic diagrams of a cover in Cover 100 is deformable and resilient . In its undeformed 

accordance with a second embodiment of the invention . state , the maximum width between the two sides of the cover 
50 120 , 130 is slightly less than the diameter of the missile body 

DETAILED DESCRIPTION tube at the point which the cover is to be attached . The cover 
100 is formed from a resilient material , so that , when on a 

Missiles having air - breathing engines , such as jet engines , missile , the sides 120 , 130 are biased into the side of the 
require one or more air intakes in order for the engine to missile body tube . This assists in ensuring that the air intakes 
function . Ingress of environmental debris into the air intakes 55 are closed . In the present embodiment , a sealing ring 140 
prior to launch of the missile can reduce the effectiveness of ( shown in FIG . 2 ) is additionally provided on the internal 
the missile engine or prevent it from operating . Such ingress face of each of the sides 120 , 130 of the cover 100 , 
can occur during storage or transit of the missile , despite it positioned on these faces so as to form a closed loop around 
being contained in a munitions box , as well as during air each of the air intakes . The resilience of the cover therefore 
carriage of the missile . As a result air intake covers are used 60 acts to press the sealing ring between the cover sides 120 , 
to prevent such ingress of environmental debris , and , prior 130 and the missile body tube 10 , when the cover is in 
to ignition of the engines , it is necessary for the covers to be position on the tube . A seal is thereby created around the air 
removed from the air intakes . intake to prevent ingress of environmental debris into the air 
An air intake cover 100 in accordance with a first embodi- intake . 

ment of the invention is illustrated in FIGS . 1 , 2 and 3. FIG . 65 The degree of deformation of the cover , and its compli 
1 shows the cover in use to cover the air intake of a missile ance , are selected so that the compressive force exerted on 
10 , only part of which is shown , whilst FIG . 2 shows the the sealing ring creates an effective seal , and so that the 
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cover is held in place on the missile body tube . These launcher prior to loading the missile so that the cover can be 
requirements balance with the need to ensure that the cover attached to the launcher . In the present embodiment , inter 
deforms on actuation of the ejection release unit without face 180 , shown in FIG . 2 , is provided for attachment to the 
impeding the release of the missile . The design of the cover launcher . The interface can be permanently attached to the 
balances these two requirements . However , it will be appre- 5 launcher and as a result can be provided with the cover but 
ciated that an appropriate balance can be easily achieved may already be present on the launcher . Interface 180 , once 
because the loads generated during ejection are high com- attached to the launcher , provides holes through which the 
pared to those required to create an effective seal , and to hold quick release fasteners 160 can pass so as to attach the cover 
the cover in place during air carriage whilst subject to 100 to the launcher . During air carriage the cover remains 
vibration and possible aerodynamic loading . 10 attached to the missile and the aircraft , with the possibility 

The cover is attached to the launcher via its upper central of some movement enabled by the deformable bushes 
portion 110. The cover has a ridge structure at its upper through which the quick - release fasteners pass , as described 
central portion through which a number of apertures 150 for above . 
fasteners are formed . Quick release fasteners 160 pass Launch of the missile is accomplished by activation of the 
through deformable bushes 170 within these apertures . The 15 ejection release unit 400 , as has been described above . The 
fasteners 160 and are used to enable the cover to be attached force applied to the missile by the pistons of the ejection 
to an interface 180 provided on the launcher at the time the release unit is sufficient to deform the cover 100 so as to 
missile is to be loaded onto an aircraft in preparation for allow the missile to escape the cover , the cover remaining 
deployment . The bushes are formed of a suitably compliant attached to the aircraft via the quick release fasteners . The 
rubber material , such as nitrile rubber , and allow some 20 deformation of the cover on launch may be either elastic , so 
movement of the missile and cover relative to the launcher . that the cover returns to its unbiased configuration , or 
The compliance of the deformable bushes is such that the plastic . Where the deformation is elastic the cover may be 
bushes do not become a load restraint path for missile re - usable . Because the cover deforms to release the missile , 
restraint to the launcher . This mitigates the risk of the cover and remains attached to the aircraft , the risk of parts of the 
being dislodged as a result of movement of the missile 25 cover colliding with the missile during launch is mitigated . 
during air carriage . Such movement may arise from missile The cover 100 is constructed so as to be strong enough to 
bending modes , possible since the missile is attached at only withstand any aerodynamic loading it may be subjected to 
two points to the launcher , vibration or aerodynamic loading subsequent to the missile being launched , whilst also being 
during air carriage . The level of compliance , in the present compliant enough to deform so as to release the missile 
embodiment , is of the order of a few millimetres . 30 without significantly impeding its launch . It is also con 

The cover 100 can be attached to the missile at the time structed so as to be sufficiently stiff to ensure a sealing of the 
of manufacture of the missile . Cover 100 is made in two air intakes during air carriage , when there is a potential for 
pieces that are fitted in place on the missile body tube so as airflow over the cover to result in an aerodynamic force 
to join at the upper ridge structure , where the two pieces are lifting the cover away from the missile . These requirements 
bolted together so that the cover is positioned on the missile 35 can be met by selecting an appropriate geometry for the 
body tube covering the air intakes . Alternatively , the cover cover , in combination with a suitable material . For 40 % 
can be a single - piece construction , fabricated to as to be glass filled PPS , a uniform thickness of approximately 10 
resilient and to be elastically deformable so that it can be mm is considered to be suitable for the cover . 
pushed to fit onto the missile body tube , with appropriate A cover 500 in accordance with a second embodiment of 
tooling . Dowels 190 can be provided on the sides 120 , 130 40 the invention is shown in FIGS . 5a and 56. The second 
of the cover , facing into the missile , so as to fit into embodiment is similar to the first embodiment described 
corresponding rebates on the missile ( not shown in the above , and , as will be appreciated by those skilled in the art , 
Figures ) , enabling the cover to be easily positioned at the similar design considerations apply to the second embodi 
correct point on the axis missile body tube in order to ensure ment as to the first . As such only the differences between the 
the air intakes are sealed . The dowels are oriented perpen- 45 first and second embodiments are described in detail , whilst 
dicularly to the main axis of the missile ( vertically , as shown other features will be apparent to the skilled person without 
in the Figures ) so as not to impede the launch of the missile . further description . As with cover 100 , cover 500 is formed 
The missile can then be transported and stored as appropri- of two complementary parts 510 , 520 joined together in an 
ate prior to loading onto an aircraft for deployment . It will upper central portion that can be attached to an aircraft 
be noted that the time spent in storage could be several years , 50 mounted launcher . In the case of cover 500 , the two parts 
possibly up to around twenty or twenty five years . 510 , 520 are formed of a more rigid material , and are joined 
As described above , the cover , when in situ on a missile , together by a hinge 530. A spring 540 is provided so that the 

is deformed out of its relaxed state such that the sealing ring hinge 530 is biased towards the closed position shown in 
is pressed down onto the surface of the missile body tube . FIG . 5a , such that , when in place on a missile body tube 50 , 
Since the missile may be in storage for some years prior to 55 the sides of the cover 510 , 520 are pushed against the missile 
deployment it is therefore important that the material from body tube 50 , thereby closing the air intakes of the missile 
which the cover is fabricated is resistant to creep over such and holding the cover in place . On actuation of an ejection 
time periods in order to maintain the seal . One exemplary release unit , hinge 530 is pushed to its open position as 
material from which the cover can be made is 40 % glass- shown in FIG . 5b , so that the missile can be pushed out of 
filled polyphenylene sulphide ( PPS ) , a resilient material 60 the cover and away from the aircraft . Similarly to cover 100 , 
which can be injection - moulded to the required shape . the compliance of the spring is selected to hold the cover 

Loading to the missile onto an aircraft is achieved in the appropriately onto the missile whilst also avoiding any 
same manner as is currently used , with the exception of the significant impediment to the ejection of the missile . 
quick - release fasteners on the upper ridge structure 110 of Whilst specific embodiments of the invention have been 
the cover 100 , which are used to attach the cover to the 65 described in the above , it is to be noted that variations and 
launcher on the aircraft . It may be necessary for a separate modifications are possible without departing from the scope 
mechanical interface component to be attached to the of the present invention which is defined in the accompa 
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nying claims . For example , it will be appreciated by those 2. A cover as claimed in claim 1 , wherein the cover is 
skilled in the art that the cover could be manufactured from fabricated from a resilient material . 
a low - strength aluminium , or an alternative creep - resistant 3. A cover as claimed in claim 2 , wherein the cover is 
plastic such as polyetheretherketone ( PEEK_ or polyester fabricated from a plastics material . 
( PETP ) . Alternative configurations of the above - described 5 4. A cover as claimed in claim 3 , wherein the cover is 
embodiments are also possible . For example , rather than fabricated from glass - filled polyphenylene sulphide . using a sprung hinge to push the sides of cover 500 together , 5. A cover as claimed in claimed in claim 4 , wherein the as has been described above , a simple hinge can be used , cover is fabricated from 40 % glass - filled polyphenylene with frangible straps holding the sides of the cover together sulphide . 
beneath the missile bodytube . These straps can be config- 10 6. A cover as claimed in claim 1 , attachable to the ured to break apart under loads significantly less than those 
generated by the ejection release unit , thus allowing the launcher via a compliant fastening arranged to accommodate 
missile to be released . movement of the missile relative to the launcher during air 

Finally , it will be appreciated that the description of carriage . 
example embodiments and their applications provided 15 7. A cover as claimed in claim 1 , further comprising a 
above is intended to demonstrate a number of principles for releasable fastener to attach the cover to the launcher . 
the design and operation of such embodiments , both explicit 8. A cover as claimed in claim 1 comprising inwardly 
and implied . The specific examples of functionality and protruding elements shaped to fit into corresponding rebates 
features described may be applied in any reasonably fore in the missile body tube and configured so as not to impede 
seeable selection or combination consistent with those 20 launch of the missile . 
design principles , and the scope of the present invention as 9. A cover as claimed in claim 1 , configured to withstand 
claimed below is intended to include all such selections and aerodynamic loading during flight and whilst attached to the 
combinations . launcher , both before and after launch of the missile . 

The invention claimed is : 10. A cover as claimed in claim 9 , wherein the cover is 
1. A cover for an air intake of an air - breathing engine in 25 sufficiently thick to withstand the aerodynamic loading . 

a missile , which missile can be carried by an aircraft- 11. A missile having an air - breathing engine and a cover 
mounted launcher ; and a sealing ring arranged such that , covering the air intakes for the air - breathing engine , which when the cover is in place on the missile , the sealing ring is missile can be carried by an aircraft - mounted launcher ; the located around the intake so as to seal the intake from the cover being shaped to fit around a portion of the missile 
external environment , the cover being shaped to fit around 30 body tube , and having a central portion and two sides a portion of the missile body tube , and having a central extending therefrom ; wherein the cover is configured such portion and two sides extending therefrom ; wherein the that , on launch of the missile by an ejection release unit , the cover is configured such that , on launch of the missile by an force applied to the missile is sufficient to deform the cover ejection release unit , the force applied to the missile is 
sufficient to deform the cover from a first , closed configu- 35 from a first , closed configuration , in which it fits on the 
ration , in which it fits on the missile with the two sides missile with the two sides biased against the missile so as to 
biased against the missile so as to close the air intake , to a close the air intake , to a second , open configuration , in 
second , open configuration , in which the cover is detachable which the cover is detachable from the missile ; and wherein 
from the missile ; and wherein the cover is configured to be the cover is configured to be attachable to the launcher such 
attachable to the launcher such that , on launch of the missile , 40 that , on launch of the missile , the cover detaches from the missile and remains attached to the launcher . the cover detaches from the missile and remains attached to 
the launcher . 


